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1.  INTRODUCTION  j 

The  principal  function  of  this  document  is  to  present  Nansen 
station  data  obtained  during  RANRL  cruise  23/83  on  HMAS  COOK  in  the  Indian  ! 

Ocean  from  Perth  to  Darwin  from  23  May  to  17  June  1983,  the  inaugural  j 

oceanographic  cruise  of  HMAS  COOK.  Temperature-depth  cross-sections 
Mhtai^el^  trom  pxpenriahle  bathy -thermograph  (XBT)  are  also  given,  and  some 

f 

first  look  data  analysis  made.  Several  very  broad  scale  contour  plots  of  j 

parameters  are  made  and  briefly  compared  to  satellite  imagery. 

( 

Data  from  magnetometer  survey  and  coring  will  be  published  by  : 

other  institutions.  About  the  time  of  the  cruise  five  other  vessels  were 

transiting  the  area,  giving  a  unique  opportunity  for  wide  quasi -synoptic  j 

data  coverage.  These  other  vessels  were  HMAS  CANBERRA,  MORESBY,  SWAN,  ; 

1 

TURRENS,  and  the  CSIRO  vessel  FRV  SOELA.  For  details  of  the  actual  cruise 
and  other  information  such  as  coring  see  the  cruise  report  (Scott,  1983). 

Further  details  on  the  FRV  SUELA  cruises  may  be  found  in  the  CSIRU  sum¬ 
maries  for  cruises  S03/83,  leg  1  (Stevens,  1983)  and  leg  2  (Leech,  1983).  ; 

I 

The  cruise  track  for  RANRL  23/83  is  shown  in  Fig.  16.  Station  ! 

positions  and  waypoints  are  listed  in  Table  XIX  with  Nansen  stations  being  ! 

identified  by  both  letters  and  numbers.  Cruise  tracks  for  the  other  ; 

vessels  in  the  area  are  shown  in  Fig.  17(a).  The  dates  of  the  cruises  are 
shown  pictorial ly  in  Fig.  17(b)  for  weekly  intervals  of  cruise  track. 


A  list  of  figures  is  provided  on  page  21,  and  a  list  of  tables  on 
page  22.  Figures  and  tables  are  placed  after  page  22,  with  all  tables  on 
the  left  hand  side  and  all  figures  on  the  right  hand  side  of  the  opened 


document . 


-/ 

Di.t  ib.  tio 


Availability  Codes 


Dist 


f  ■Hv.j ,  J  .d/or 
Cp-cial 
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2.  THE  DATA 

Eighteen  Nansen  stations  were  taken  in  all,  with  sampling  for 
temperature  and  salinity  to  latiO  metres  depth.  Listings  of  the 
:emperature,  salinity,  depth  data  and  derived  quantities  sue-  .  .y  j of 
specific  volume,  potential  temperature  and  sound-speed  for  the  stations  are 
given  in  Tables  I  to  XVI 1 1  of  this  report  for  both  observed  and  standard 
depths.  A  list  of  tables  is  given  on  page  22.  A  composite  T-S 
(temperature  vs  salinity)  plot  is  shown  in  Fig.  18.  Profiles  of 
temperature,  salinity,  sigma-t  (ot^),  and  sound-speed  for  stations  1  to  lb 
are  given  in  Figs  1  to  15.  (The  four  parameters  for  each  station  are 
overplotted).  Temperature-depth  cross-sections  obtained  from  XBT  data  are 
given  in  Figs  19  to  29.  See  the  List  of  Figures  on  page  21  for  details. 

Geostrophic  current  components  between  selected  pairs  of  stations 
are  given  in  Tables  XXIII  to  XXXVII.  The  currents  are  given  relative  to 
the  surface.  Current  profiles  are  also  shown  with  the  tables. 


Contour  diagrams  oi  sea -surface-temperature  (SST),  surface 
salinity,  temperature  field  at  250  metres  depth  (T25U),  and  inferred 
surface  circulation  are  given  in  Figs  30  to  41.  Note  that  all  diagrams  are 
of  a  somewhat  speculative  nature,  as  data  spacing  is  often  sparse,  and  was 
obtained  over  the  period  May  23  to  June  23  (and  June  30).  (See  Fig.  17(b) 
tor  cruise  times). 

Examples  of  satellite  imagery  available  for  the  cruise  period  are 


shown  in  Figs  43  and  44. 


4 


3.  MEASUREMENT  PROCEDURES  AND  METHODS  OF  CALCULATING  DERIVED 

QUANTITIES 

The  Nansen  stations  were  taken  using  standard  procedures  described 
in  US  Naval  Oceanographic  Office  Publication  No.  607  "Instruction  Manual 
for  Obtaining  Oceanographic  Data"  using  Nansen  type  sampler  bottles  and 
Watanabe-Kei ki  protected  and  unprotected  deep  sea  reversing  thermometers 
(OSRT),  range  0-30°C.  Conductivities  of  seawater  samples  were  measured 
using  an  inductive  salinometer. 

DSRT  temperatures  were  processed  and  reversal  depths  calculated 
using  program  TCOR  described  in  Hamilton  (1982).  Derived  quantities  such 
as  potential  temperature  and  dynamic  height  were  calculated  usinc.  program 
HYDR  described  in  the  same  memorandum.  A  check  list  is  given  in  Table  XX 
of  references  to  the  algorithms  used  in  the  programs. 


4. 


RESULTS 


4.1  Sea  Surface  Temperature  (SST)  (See  Figs  30,  38) 

SST  contours  have  been  drawn  as  if  all  data  were  synoptic. 

Frontal  structure  is  evident  from  21°S,  103°E  to  Fremantle,  with  contours 
becoming  parallel  to  the  coast.  There  are  warmer  patches  at  lb°S,  120°E 
and  13°S,  115°E.  Relatively  colder  water  occurs  to  the  west  and  south  of 
Sumba.  Little  thermal  relief  is  seen  for  the  area  north  and  north-west  of 
Broome.  Fig.  30  may  be  compared  with  Fig.  5  of  Rochford  (1962),  where  the 
locations  of  colder  northern  waters  and  a  28°C  patch  are  similar  to  those 
found  here.  The  tendency  for  SST  to  vary  little  in  the  north  is  supported 
by  GOSSTCOMP  SST  charts  for  the  same  period.  See  Figs  31  to  34.  Cooler 
water  off  the  Port  Hedland  area  is  also  seen  on  the  GOSSTCOMP  charts  at 
26°C.  Fig.  38  shows  more  detail  from  Port  Hedland  to  south  of  Sumba. 
Section  4.8  discusses  satellite  imagery  available  for  the  area. 


4.2  Sea  Surface  Salinity  (See  Fig.  35) 

Data  is  available  from  HMAS  COOK  only  at  Nansen  station  sites. 
Further  data  was  obtained  in  the  Port  Hedland  area  by  FRV  SOELA.  A  front 
occurs  between  stations  I  and  M.  The  frontal  structure  seen  in  SST  from 
Fremantle  to  21°S,  103°E  is  also  seen  in  the  salinity.  Highest  surface 
salinity  (35.91  ppt)  occurs  at  station  F  and  the  lowest  (34.13  ppt)  south 
of  Sumba  at  stations  X  and  CC,  (with  salinity  then  increasing  shorewards). 
For  the  few  data  points  available  surface  salinity  tends  to  show  the  same 
pattern  as  SST.  Fig.  35  may  be  compared  to  Fig.  3  of  Rochford  (1962). 


4.3  Temperature  at  250  Metres  Depth  (T250)  (See  Figs  37,40) 

Frontal  structure  is  seen  from  21°S,  103°E  to  Fremantle,  similar 
to  the  SST  structure  of  Fig.  30.  Warmer  water  is  seen  north-west  of 
(eraldton,  suggesting  eddy  or  meander  structure.  Also  see  Fig.  19,  a 
temperature  depth  cross-section  where  this  eddy  feature  is  seen  at  XBT  395; 
and  Fig.  20  (XBT  68,  69).  Fig.  40  for  the  North  West  Shelf  area  to  Sumba 
'hows  a  warmer  area  about  13-14°S,  119-120°E. 

4.4  Mixed  Layer  Depth  (MLD)  (See  Figs  36,  39) 

Mixed  layers  were  generally  seen  over  the  whole  of  the  HMAS  COOK 
cruise  track,  ranging  from  about  50  to  90  metres  depth.  The  area  south  of 
station  CC  however,  (south  of  colder  water  below  Sumba)  had  zero  layer 
depth.  From  station  FF  to  shore  mixed  layers  extended  to  the  bottom.  MLD 
of  5  metres  or  less  are  also  seen  between  stations  11  and  14  (on  the  edge 
of  the  North  West  shelf,  a  possible  upwelling  region).  Fig.  39  shows  more 
detail  from  Port  Hedland  to  south  of  Sumba. 


4.b  Temperature  -  Depth  Cross  Sections  (See  Figs  19  to  29) 

Cross  sections  are  shown  for  all  cruise  tracks  in  Fig.i;,  other 
than  for  HMAS  COOK,  where  only  selected  sections  have  been  drawn.  Brief 
comments  on  the  sections  are  given  below.  Stippling  on  the  diagrams  show 
the  depth  of  the  mixed  layer. 

HMAS  CANBEKRA  (See  Fig. 19) 

An  eddy-type  feature  is  located  at  XBT  395.  Isotherms  slope  down 
from  XBT  396  to  398  indicating  a  southwards  flowing  current  to  depths  below 
300  metres.  The  slope  of  isotherms  between  XBT  377  and  378  indicates  flow 
to  the  east. 

HMAS  COOK  (See  Figs  20,  21,  22,  23,  24) 

Fig.  20 

XBT  68,  69  show  the  eddy  formation  seen  in  HMAS  CANBERRA 
cross-section.  The  surface  front  seen  in  Fig.  30  for  SST  between 
F  and  G  is  seen  to  be  a  sub-surface  feature  also  with  colder  water 
at  F.  XBT  61  to  64  show  a  current  flowing  to  the  south-west  (or 
south)  to  depths  greater  than  270  metres,  with  the  feature  skewing 
seawards  and  showing  a  return  component  below  270  metres. 

The  section  from  M  to  N  shows  warmer  surface  waters  with  isotherms 
generally  depressed  by  up  to  50  metres  more  than  section  G  to  H 
(or  E  to  H)  at  all  depths,  indicating  warmer  waters  at  all  depths, 
in  agreement  with  the  trends  of  SST  contours  in  Fig.  30. 


elevated  isotherms  below  this  depth,  at  the  edge  of  the  shelf, 
indicating  a  possible  different  flow  regime  between  surface  and 
deeper  waters.  This  may  be  an  indication  of  the  undercurrent 
reported  by  Thompson  and  Cresswell  (1983). 

Fig.  22 

Isotherms  deepen  shorewards  (80-60  metres  over  240  nm)  indicating 
a  flow  to  the  southwest  (between  0  and  P)  and  to  the  west  (Port 
Hedland  to  0)  on  the  average. 

XBT  133  indicates  a  cold  core  feature  and  XBT  124  indicates  flow 
at  the  depth  of  the  shelf  break. 

MLD  are  generally  60  to  70  metres  depth  on  this  section. 

Fig.  23 

Isotherms  deepen  southwards  (by  30-40  metres  over  240  nm) 
indicating  a  flow  to  the  south-west,  otherwise  the  section  is 
largely  featureless.  MLD  deepen  slightly  from  70  to  90m  from  XBT 
186  to  XBT  174  but  are  shallow  from  XBT  189  to  187. 

Fig.  24 

Between  station  CC  and  XBT  232  a  current  to  the  south-west  is 
indicated  to  about  200  metres  depth,  below  which  the  flow  may 
reverse,  with  the  lb°C  isotherm  appearing  as  a  boundary.  About 
XBT  247  a  flow  with  return  is  indicated  below  100  metres  off  the 
shelf  break.  Colder  surface  water  is  seen  at  XBT  249,  separating 
two  surface  bodies  of  roughly  equal  temperature,  both  well  mixed 
to  90  metres  or  to  the  bottom  in  waters  shallower  than  90  metres 


near  the  coast. 


HMAS  MORESBY  (See  Figs  2b,  26,  27) 

Fig.  2b 

This  is  a  detailed  section  from  31°30'S,  llb°E  to  30°42'S,  114°E. 
Warm  surface  waters  to  70  metres  and  deeper  are  seen  at  XBT  4b. 

The  warm  waters  lie  on  the  edge  of  a  cold  feature  about  XBT  48. 
Isotherms  are  elevated  from  XBT  40  to  47  above  200  metres,  but 
depressed  below  that  depth.  Isotherms  are  depressed  from  XBT  48 
to  43  above  200  metres,  (190  metres  over  3b  nm)  indicating  flow  to 
the  south-west  above  that  depth.  XBT  48  would  therefore  appear  to 
be  the  boundary  of  warm  surface  waters  flowing  south-west  and  cold 
surface  water  flowing  north-east. 

ML!)  are  shallow  in  the  cold-core  feature,  and  deepen  shorewards  to 
IbO  metres.  MLi)  are  also  shallow  in  the  frontal  zone  about  XBT 
4b,  which  appears  as  a  shallow  excursion  of  warm  water. 

Fig.  2b 

Depressed  isotherms  f'~om  XBT  b4  to  b3  indicate  a  current  flowing 
to  the  south-west.  At  XBT  b7  there  is  some  suggestion  of  the  eddy 
feature  seen  by  uMAS  CUUK  and  CANBERRA  but  the  XBT  are  of  doubtful 
quality.  Ihe  surface  front  between  XBT  61  and  62  is  shown  not  to 
extend  as  'narA.ediy  with  depth  as  on  the  section  for  HMAS  COOK 
which  is  farther  south.  Isotherms  below  Ibl)  metres  generally 
shallow  to  the  north  from  XBT  66  to  80,  i.e.  waters  at  depth  get 
colder  to  the  north  along  this  section. 


Rochford  (1^69)  pb  attributes  this  shallowing  of  isotherms  to 
dynamic  uf)!i‘'t  cn.'sed  by  the  dynamic  northern  boundary  of  the 


South  Equatorial  current,  which  flows  to  the  west. 
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Fig.  21 

This  shows  a  section  from  Cocos  Island  to  Western  Java  and  return. 
Surface  waters  exhibit  temperatures  over  29°C.  MLD  range  from  15 
to  70  metres,  being  about  50  metres  on  the  average. 

HMAS  SWAN  (See  Fig.  28) 

From  northwest  of  Broome  to  south  of  Lombok  Island  isotherms 
become  shallower,  as  also  seen  on  the  FIMAS  MORESBY  section, 
indicating  a  general  flow  to  the  south-west.  An  eddy  feature  is 
located  about  XBT  lib  and  11b,  with  colder  surface  waters  about 
XbT  113.  The  eddy  feature  also  appears  situated  about  XBT  395  of 
HMAS  CANBERRA. 

Ml.O  range  from  50  to  100  metres. 

HMAS  TORRENS  (See  Fig.  29) 

Isotherms  shallow  northwards  from  XBT  310  to  299,  indicating  a 
general  flow  to  the  west.  Structure  between  XBT  313  to  314 
suggests  flow  into  the  coast. 


4.6 


SURFACE  CIRCULATION 


There  is  insufficient  data  to  properly  resolve  circulation 

patterns. 

A  speculative  diagram  of  the  surface  circulation  patterns 
suggested  by  dynamic  height  values  and  XBT  data  is  given  in  Fig.  41.  The 
geostrophic  current  component  relative  to  1000  metres  at  right  angles 
between  stations  for  stations  1  to  6  ranged  from  3  to  10  cm/sec  (between 
stations  1  and  6,  and  4  and  b  respectively.)  For  stations  7  to  lb 
components  from  11  to  17  cm/sec  were  calculated.  The  S  )uth  Equatorial 
Current  is  apparently  seen  as  a  flow  to  the  west  below  the  north-most 
station.  XdT  may  show  indications  of  the  south  Java  current,  (see  Fig. 
ly,  X3T  3/7-378).  There  appears  to  be  an  eddy  or  meander  feature  west  of 
leraldton,  and  flow  into  coastal  areas  from  North  West  Cape  to  north  of 
Geraldton. 

Tables  XXIII  to  XXXVII  give  geostrophic  current  component  between 
pairs  of  stations  for  selected  station  pairs  relative  to  the  surface. 
Geostrophic  current  profiles  are  also  shown. 
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4.7  WATER  MASSES 

Water  masses  in  the  survey  area  are  tentatively  identi  f  ii?(l  using 
temperature-salinity  curves,  profiles  of  parameters  with  depth,  and 
salinity  and  temperature  cross-sections,  using  the  definitions  of  previous 
researchers. 

Principal  water  masses  found  were  South  Indian  Central,  Antarctic 
Intermediate,  llanda  Intermediate,  with  various  surface  waters.  The 
characteristics  of  water  masses  in  the  Indian  Ucean  as  described  by 
Rochford  are  given  in  Table  XXI  and  XXII.  The  reader  is  also  referred  to 
Hochford  (1961)  Figs  2,  19;  (1962),  Fig. 17;  (1964)  Figs  4,  5  for  T-S 

curves,  and  the  positions  of  hydrological  zones. 

Fig.  18  shows  the  T-S  curves  for  RANRL  cruise  23/83,  and  water 
mass  extents  (after  Rochford).  The  numbers  (1)  to  (6)  are  identified  in 
Table  XXI.  Several  water  masses  are  clearly  identified  with  clari fication 
needed  at  points  marked  *  on  the  diagram.  The  northern  and  southern 
stations  lie  in  different  T-S  regimes  above  bUO  metres  depth.  More 
positive  identification  of  some  water  masses  thought  to  be  present  is  not 
possible  without  oxygen  or  other  information. 

Fig.  42  is  a  salinity  cross-section  with  data  from  Nansen  stations 
1,  2,  4  and  6  showing  South  Indian  Central  (SIC)  and  Antarctic  Intermediate 
water  (AIW)  masses  along  the  southern  leg  of  the  HMAS  COUK  cruise.  SIC 
water  appears  as  a  salinity  maximum  from  the  surface  to  12b  metres  and 
deeper,  and  AIW  as  a  salinity  minimum  along  90U  metres  depth. 

The  marked  surface  salinity  front  between  stations  4  and  b  seen 
earlier  in  Fig.  3b  is  seen  to  be  caused  by  subtropical  SIC  water  under¬ 
lying  less  saline  surface  water. 


Correspondences  between  salinity  and  temperature  cross-sections 


may  be  seen  in  the  data.  The  cold  surface  water  at  F  in  Fig.  2U  is  seen  in 
Fig.  42  to  correspond  to  high  salinity  water  (3b. 91  ppt )  of  the  SIC  as  does 
the  separation  of  the  21°C  and  22°C  isotherms  about  100  metres  depth  at  E. 
Lower  salinity  waters  south  of  Sumba  also  have  lower  temperature  than 
waters  closer  to  north-west  Australia. 

Profiles  of  salinity,  temperature,  and  sigma-t  also  show 
characteristics  pointing  to  water  masses.  Figs  1,  2,  and  4  (for  stations 
1,  2  and  4)  show  a  shift  to  lower  density  at  600,  bbO,  and  700  metres, 
which  in  Fig.  1  and  2  (for  stations  1  and  2)  and  possibly  station  4  is 
caused  by  elevated  temperature  (up  to  2"C)  at  these  depths.  Froii  Rochford 
(1964)  page  47  the  kink  in  stations  1,  2  and  4  may  be  caused  by  low 
salinity  waters  of  the  subtropical  oxygen  maximum  drifting  north  on  about 
the  26.80  sigma-t  surface. 

The  T-b  curves  show  the  surface  waters  at  stations  b  and  6  to  have 
the  same  characteristics  as  the  surface  waters  for  stations  northwest  of 
Broome  (except  for  stations  12  and  13)  indicating  a  possible  spread  of  this 
water  to  the  south-west  as  far  west  as  103°E.  There  is  no  station  data 
from  the  cruise  between  the  two  areas  to  confirm  or  deny  this  possibility, 
but  it  fits  with  Rochford  (1969)  who  observed  a  drift  of  higher 
temperature,  low  salinity  water  to  the  south  and  southwest  in  May  (his 
Fig.  47). 


Fig.  6  shows  a  sub-surface  salinity  maximum  of  35.84  pp' 
indicating  a  northward  flow  of  SIC  water  intruding  station  6  water  between 
a  depth  of  lUL)  to  3UU  metres.  This  sub-surface  salinity  maximum  is  also 
seen  in  stations  1,  3,  4  and  5  with  values  in  ppt  being  35.91  (13Um),  35.8b 
(IbUm),  35.83  (15Um),  and  35.76  {19bm).  The  SIC  occurs  on  the  sirface  at 
station  2.  This  appears  consistent  with  observations  by  Rochford  (1969) 
(his  F i g . 1 3 ) . 

Stations  11  to  15  (Figs  11-15)  have  the  same  water  type  at  depth 
below  about  10U-2UU  metres,  with  salinity  varying  little  below  2'J(J  to  3UU 
metres.  Stations  7,  8,  9  show  a  salinity  maximum  at  2:J0  metres  'f  34.  78, 
3'."-  duj  34.00  ppt  with  sigma-t  of  25.33,  25.86,  and  25.67  respectively. 
These  sigma-t  values  are  consistent  with  kochford's  definition  of  the 
tropical  oxygen  minimum  (3),  but  the  maximum  may  also  be  the  influence  of 
some  other  water  type.  A  salinity  maximum  of  34.84  ppt  occurs  at 
3()U  metres  depth  at  station  10. 
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SATELLITE  IMAGERY 


Imagery  is  available  from  two  sources 

(i )  a  low  resolution  image  from  Macquarie  University  encompassing 
the  whole  of  Australia 

(ii)  colour  images  of  the  West  Australian  area  from  the  Western 
Australian  Institute  of  Technology  (WAIT).  WAIT  images  are 
presented  here  for  information  in  Fig.  43. 

The  WAIT  images  shown  are  the  copies  held  at  RANRL  only  and  images  for 
other  times  may  exist  which  would  enable  the  build-up  of  a  composite  image 
over  the  cruise  dates.  Features  traced  from  selected  Macquarie  images  are 
shown  as  a  time  series  in  Fig.  44.  Heavier  shading  shows  warmer  waters. 

The  images  do  not  cover  all  areas  of  the  HMAS  CUOK  cruise  track, 
and  in  general  the  data  coverage  obtained  on  the  cruise  is  too  sparse  to 
permit  detailed  comparisons  of  the  satellite  images  and  ship  data. 

Correspondences  can  be  seen,  however,  with  warm  water  flowing 
polewards  along  the  coast  south  of  North  West  Cape  to  below  30°S  in  the 
Macquarie  images  of  May  19  and  2b  being  seen  in  the  general  shape  of  the 
24°C  isotherm  in  Fig.  30.  The  image  for  June  13  also  shows  this  feature 
with  the  water  clearly  joined  to  waters  on  the  North  West  Shelf. 

The  28°C  patch  north  of  Port  Hedland  in  Fig.  30  is  seen  as  part  of 
a  body  of  warmer  water  off  the  coast  extending  from  north  of  Uarwin  (130°E) 
to  about  118°E  in  the  Macquarie  image  for  May  30,  and  the  image  for  May  31 
shows  a  warm  patch  in  this  location,  as  does  the  image  for  June  21.  In 


almost  all  Macquarie  images  there  is  a  band  of  cold  water  along  the  coast 
from  North  West  Cape  (113°E)  to  Broome,  evidence  of  which  is  seen  in  the 
temperature  data  in  this  area  from  FkV  SOELA,  and  in  HMAS  COOK  engine  room 
inlet  temperatures. 

The  available  satellite  imagery  is  useful  in  complementing  the 
ship  data.  With  further  enhancement  more  features  could  perhaps  be  brought 
out  for  more  detailed  analysis. 


5. 


SUMMARY  AND  REMARKS 


This  was  essentially  a  workup  cruise  for  HMAS  COOK,  and  problems 
were  had  with  equipment.  The  ship  thermo-sal i nograph  did  not  function, 
resulting  in  the  loss  of  continuous  surface  salinity  and  temperature 
records.  Near  surface  temperature  readings  recorded  from  a  hull  mounted 
sensor  were  found  to  be  unreliable  because  of  flow  stoppages  leading  to 
overheating.  The  hydrology  winch  meter  was  found  to  be  giving  incorrect 
readings.  Lack  of  the  HMAS  COOK  data  logger  resulted  in  loss  of  continuous 
records  for  meteorological  parameters.  The  ship  salinometer  was  found  to 
be  unserviceable  so  that  salinity  samples  could  not  be  analysed  on  board 
during  the  cruise  as  planned.  These  problems  are  described  in  the  cruise 
report  (Scott,  1983). 

Despite  these  teething  problems,  useful  oceanographic  data  was 
obtained  over  a  wide  area  off  the  West  Australian  coast,  which  when 
combined  with  the  data  from  other  sources  for  the  cruise  period  will  add  to 
the  oceanographic  data  base  for  the  region. 

Broad  scale  analyses  of  the  data  have  been  made  here  in  the  forms 
of  contour  plots  of  temperatures,  salinity,  and  surface  circulation,  and 
temperature  and  salinity  cross  sections  with  depth.  Geostrophic  currents 
were  less  than  one  third  of  a  knot.  Some  oceanographic  features  have  been 
identified  but  most  analysis  is  of  a  highly  speculative  nature  because  data 
is  not  truly  synoptic  nor  of  high  spatial  density.  A  preliminary 
comparison  of  ship  data  with  satellite  imagery  shows  some  correspondence  of 


features 
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TABLE  XIX-  LIST  OF  WAYPOINTS  AND  STATION  POSITIONS 


I 


CALCULATION 

f  ~  ~ 

REFERENCE 

DSRT  Temperature  Correction 
DSRT  Reversal  Depth 

SVERDRUP  (1947) 

W(jST  (1933) 

Conductivity  to  Salinity 

LEWIS  (1980) 

Depth  to  Pressure 

SAUNDERS  (1981) 

Density  -  One  Atmosphere 

MILLERO  and  POISSON  (1981) 

-  High  Pressure 

MILLERO,  CHEN,  BRADSHAW  and 
SCHLEICHER  (1980) 

Potential  Temperature 

BRYDEN  (1973) 

Sound  Speed 

WILSON  (1960) 

HTHMS  USEU  TO  PROCESS 


TABLE  XX  -  REFEKENC 
NANSEN  S 


XBT  cross  section  RANRL  23/83  23 -27  May  &  30May- Uune  1983 

Fremantle  to  22°S,  103°E  and  20°30'S,  104°30'E  to  24°S,  111°E. 


HYDROLOGICAL  STRUCTURE  OF  THE  UPPER  bUO  METRES 


(1)  Surface  (0-50  m),  low  salinity  (less  than  35.00°/oo)  high 
temperature  (greater  than  25°C),  tropical  waters  which  spread  south  of  20°S 
in  autumn  and  winter. 

(2)  Surface  (0-50  m),  high  salinity  (greater  than  3b.90°/oo),  lower 
temperature  (20-22°C),  subtropical  waters  carried  north  to  about  25°S  in 
summer  by  the  West  Australian  Current. 

(3)  Subsurface  (100-150  m),  low  salinity  (less  than  35.00“/oo),  low 
oxygen  (less  than  3.50  ml/1.),  tropical  water  spreading  south  to  about 
26°S,  on  the  25.00  sigma-t  surface  in  late  summer  and  autumn.  (Fig.  48 
gives  25.00  -  26.00). 

(4)  Subsurface  (200-300  m),  high  salinity  (greater  than  35.80“/oo), 
subtropical  waters  of  the  South  Indian  Central  region,  spreading  north  on 
about  the  26.00  sigma-t  surface  to  about  12°S  in  summer,  and  to  about  16°S 
in  winter. 

(5)  Subsurface  (400-500  m),  low  salinity  (less  than  35.00°/oo)  waters 
of  the  subtropical  oxygen  maximum  (greater  than  4.50  ml /I)  drifting  north 
on  about  the  26.80  sigma-t  surface  to  about  12°S  in  summer,  and  to  about 
14°S  in  winter. 

(6)  West-flowing  surface  (0-50  m)  waters  of  the  South  Equatorial 
Current  with  salinities  around  34.50°/oo,  and  temperature  greater  than 
26'’C,  between  latitudes  10  and  14°S.  Near  the  northern  boundary  of  the 
South  Equatorial  Current  an  accumulation  of  low  salinity  water  (less  than 
35.00°/oo)  formed  the  Equatorial  Frontal  Zone  extending  to  depths  of  around 
400  m.  This  Frontal  Zone  generally  formed  a  southern  limit  to  the  spread 
of  north  Indian  Ocean  water  masses. 

(7)  However,  Persian  Gulf  waters  spread  south  below  the  Frontal  Zone 
to  c.  15°S  where  mixtures  of  Persian  Gulf  and  subtropical  oxygen  maximum 
waters  occurred  during  the  whole  of  the  year. 

(8)  North  Indian  Ocean  water  masses  at  depths  less  than  400  m  (e.g. 
counter-current  (lUO  m)  and  Arabian  Central  (200  m))  occurred  south  of  this 
Zone  only  in  summer  to  about  15°S.  At  other  times  ot  the  year  these  water 
masses  were  absorbed  by  mixing  with  waters  of  the  Equatorial  Frontal  Zone. 

(9)  Waters  of  the  east  flowing  Sumatra-Java  Current  (salinity  less 
than  34.00°/o.,,  tonpf’rature  greater  than  2/.b°C)  were  detected  only  in 
January  1963  at  around  9°30'b. 

(10)  Very  low  salinity  (less  than  33.00“/oo)  surface  waters  in  May-June 
around  10°S  were  carried  by  currents  out  of  the  Java  and  Banda  Seas  and 
were  not  a  result  of  the  Sumatra-Java  Current. 


TABLE  XXI  -  WATER  MASSES  OF  THE  UPPER  bUO  METRES  OK  THE  INDIAN  OCEAN 
(ROCHFORD  1969) 


Fig.  21.  XBT  cross  section  RANRL  23/83  1  -2  June,  1983 

from  Station  N  to  Barrow  Island. 


Three  water  massef  have  been  identified  from  maxima  and  minima  in 
temperature-salinity  diagrams  for  intermediate  depths  of  the 
south-east  Indian  Ocean. 

(i )  The  Antarctic  Intermediate  occurred  as  a  salinity  minimum 
with  the  density  range  of  27.00  -  25.28  o^-. 

ii)  The  North-West  Indian  Intermediate  (Red  Sea  Water)  was  found 
as  a  salinity  maximum  with  the  range  27.20  -  27.50. 

(]ii)  The  Banda  Intermediate,  lying  below  the  North-West  Indian 

IntermediateiRed  Sea),  had  the  characteristic  of  a  salinity 
minimum  within  the  Oj  range  of  27.28  -  27.59. 


TABLE  XXII  THE  WATER  MASSES  IN  INTERMEDIATE  DEPTHS  OF  THE  SOOTH-EAST 
INDIAN  OCEAN  (ROCHFORD,  1961) 
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Table  XXIII.  Geostropic  Current  Component  at  Right  Angles  between  Nansei 
Stations  1  and  2  relative  to  the  surface. 
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Table  XXIV  Geostropic  Current  Component  at  Right  Angles  between  Nansen 
Stations  2  and  4  relative  to  the  surface. 
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Table  XXVI  Geostropic  Current  Component  at  Right  Angles  between  Nansen 
Stations  4  and  6  relative  to  the  surface. 


Fig.  27.  XBT  cross  sections  HMAS  Moresby  20- 22  & 28- 30  June  1983 
from  Cocos  Island  to  Sunda  Strait  (and  return). 
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Fig.  29.  XBT  cross  section  HMAS  Torrens  30May-  3  June  1983 

from  Bali  to  Fremantle. 
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Table  XXX  Geostropic  Current  Component  at  Right  Angles  between  Nanse 
Stations  8  and  10  relative  to  the  surface. 


Sea  Surface  Temperature  Contours  (drawn  from  XBT  data) 


Geostropic  Current  Component  at  Right  Angles  between  Nansen  Geostropic  Current  Component  at  Right  Angles  between  Nansen 
Stations  9  and  10  relative  to  the  surface.  Stations  10  and  11  relative  to  the  surface. 
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Table  XXXV  Geostropic  Current  Component  at  Right  Angles  between  Nansen 
Stations  11  and  12  relative  to  the  surface. 
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16.  Abstract 

Data  from  eighteen  Nansen  Stations  to  1500  metres  taken  from 
HM/\S  COOK  on  R.ANRL  Cruise  23/83  in  the  eastern  Indian  Ocean  in  May- 
June  1983  arc  presented  as  tables  and  graphs.  Temperature-depth 
cross-sections  from  XBT  data  are  also  included,  both  for  HMAS  COOK 
and  other  vessels.  Geostrophic  current  values  are  given  and  some 
routine  data  analysis  made.  Several  very  broad  scale  contour  plots 
are  drawn,  assuming  data  to  be  quasi-synoptic,  and  some  brief 
comparisons  made  with  satellite  imagery. 

Technical  memoranda  arc  of  a  tentative  nature,  represent  the 
views  of  the  author(s),  and  do  not  necessarily  carry  the  authority  of 
the  laboratory. 
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